We present an annotated list of new finds of red algae from Hainan Island, Southern China, including those found in 1990 and 1992 during the German-Chinese expeditions to Hainan Island and in 2008-2016 by Titlyanova, Titlyanov, and Li. Between 1990 and 1992, a total of 64 taxa of red algae were newly recorded for Hainan Island. Of these 15 species were new records for China. During the period 2008-2016, a further 54 taxa were newly recorded for Hainan Island, of which 20 were new records for China. The full list of new taxa includes taxonomic forms, dates, and locales, together with known biogeographical distributions. During both periods, the apparent enrichment of red algal marine flora has occurred in a similar way-mainly at the expense of epiphytes with filamentous, thin-filamentous, and finely branched forms. We believe that the changes in the flora of Hainan Island have been influenced by both anthropogenic and natural factors including in particular exploitation of herbivores, nutrient pollution, and coral bleaching.
Introduction
Hainan Island is located at the subtropical northern periphery of the Indo-Pacific in the South China Sea (18°10′-20°9′N, 108°37′-111°1′E) ( Figure 1 ). The island has an area of about 33920 km 2 and a coastline of more than 1000 miles. The annual mean sea surface temperature (SST) is 26 °C with an average seasonal range of 12.1 °C [1] . The annual SST maximum (30.8 °C) and minimum (18.7 °C) commonly occur in July and January, respectively. Mean sea surface salinity (SSS) in the South China Sea fluctuates between 33.3 and 34.0 practical salinity units (PSU). The mean tidal range is mostly less than 1.5 m [2, 3] . Shallow areas along Hainan Island coastline are occupied by coral reefs. Seagrass beds and mangroves are also present, but to a lesser extent [4] . The species diversity on the coral reefs appears to have been declining, as does that of the seagrass beds, mainly because of increasing tourism, aquaculture, sediment loads, pollutions from land, and the coastal engineering associated with development [4] [5] [6] [7] [8] [9] [10] [11] . The marine algal flora of Hainan Island has been studied by a number of phycologists over the period from 1933 to 2016. The first sampling of marine seaweeds on the island was performed by mainly Chinese algologists [12] , from 1933 to the 1980s, at sites covering all coasts of the island (Figure 1 ). This collection has been deposited in the herbarium of the Institute of Oceanology of the Chinese Academy of Sciences [12] . All records based on these collections were considered in our previous papers [13] [14] [15] [16] [17] [18] . In this early collection (EC), a total of 310 macroalgal taxa and their forms were found, of which 178 species (57%) were Rhodophyta (Rh), 64 (21%) Phaeophyceae (Ph), and 68 (22%) Chlorophyta (Ch). The next major algal sampling on Hainan was conducted in 1990 and 1992 during the German-Chinese expeditions (IC) to Hainan Island (Figure 1 ). The results of these expeditions were partially published [13, [16] [17] [18] , with 203 taxa collected, including 105 red (52%), 32 brown (16%), and 66 green (32%) algal taxa. A third sampling was performed during 2008-2016 (LC) (Figure 1) . Some of the results of this algal inventory have also been published [13] [14] [15] 17, 19, 20] , with 301 species being recorded including 163 (54%) Rhodophyta, 50 (17%) Phaeophyceae, and 88 (29%) Chlorophyta. This further paper presents an annotated list of new findings of red algae for Hainan Island made during the course of this study. On the basis of this new list with data in the literature, decadal changes in the benthic flora of the island between the 1930s and 2000s are analyzed.
Materials and Methods

Study Sites and Times of Sampling in 1990 and 1992
IC algal sampling was conducted during the German-Chinese expeditions in October-December 1990 and in March-April 1992. During these expeditions, algal samples were processed as herbarium specimens by Xia and Bartsch with colleagues. New findings of red algae were documented from the following sites: Haikou and Qukou on the North coast, Qingnan Gang and Shalao on the East coast, Tielu Gang, Yalong Wan, Dadong Hai, Luhuitou, Xiaodong Hai, Ximao Zhou, and Tian Ya Hai Jiao on the South coast, and Linchang, Meixia, and Nanmai on the North-West coast (Figure 1 ).
At Linchang, Luhuitou, Dadong Hai, Xiaodong Hai, Yalong Wan, and Tian Ya Hai Jiao, the intertidal/infralittoral reef flat was characterized by mobile blocks of dead corals, typically on a rocky substratum interspersed with sandy areas. Poorly developed mangrove areas with extensive mudflats/seagrass fields were present at Qukou and Qingnan Gang. In Haikou, samples were collected at localities with variable salinity. The Eucheuma farm in Shalao was characterized by a sandy bay with an offshore reef flat composed of mostly dead corals. The offshore Ximao Zhou Islet was the only place where the amount of living corals increased with depths in the shallow subtidal zones and where the reef was generally species-rich. At Meixia, there were extensive stony intertidal areas with an offshore reef flat mostly comprised of dead corals. At Nanmai, there was an extensive reef flat with many living corals on the top of or between dead corals. The locality Yalong Wan (Xipai, a small rocky islet) was characterized by a sandy bottom with blocks of dead corals, stones, and boulders, and a rocky bottom near the islet; seaweeds were sampled in the intertidal and upper subtidal zones. At the locality Wenchang ( Figure 5 ), algae were collected from the intertidal zone on a damaged coral reef. In Xian Hai, seaweeds were collected from beach cast and fishery nets, which were placed on the coral reef, poor in live corals. Meixia was characterized by an extensive stony intertidal area (cape site), above which was a sandy beach and a steeper upper intertidal zone, the coast being fringed by an offshore reef flat mostly composed of dead corals and, rarely, live coral colonies. Seaweeds were collected from this site at depths up to 4 m. Here, we also observed in shallow water a bloom of the green alga Monostroma latissimum, which along the coastline formed extensive floating beds, many of which were washed ashore ( Figure 6 ).
Study Sites and Times of
Ying Ge Hai was characterized by dead coral reef and seawater heavily polluted by coastal waste. Seaweeds were collected up to 4 m depth ( Figure 7 ). 
Collection, Conservation, and Floristic Analysis of Samples
During the German-Chinese expeditions (1990, 1992) , sampling was carried out in the intertidal and shallow subtidal. Specimens were catalogued with consecutive numbers and were preserved as herbarium specimens. Duplicate sets of voucher specimens were prepared: one set is deposited at BRM in Bremerhaven, Germany; the other set in Qingdao, at the Institute of Oceanography, Chinese Academy of Sciences. Materials were identified by Xia and Bartsch in 1990-1994 and by Titlyanov in 2007-2009 . Anatomical studies were made using slides prepared from pre-soaked herbarium material and sectioned by hand with a razor blade. During the period from 2008 to 2016, macroalgae were collected in the upper, middle, and lower intertidal, and the upper subtidal (from 0.5 to 4 m depth during low tide) zones by Titlyanova and Titlyanov. In the upper subtidal zone, sampling of the marine plants was carried out via snorkeling and SCUBA diving (by Li) during both low-and hightides. Algae were collected from all types of substrata. The algal collection of 2008-2016 is deposited at the Zhirmunsky Institute of Marine Biology, Far Eastern Branch of the Russian Academy of Sciences.
Fresh and dried specimens were identified by Titlyanova and Titlyanov using monographic publications, floristic studies, and systematic articles cited in previous publications [13, 14, 16, 17] . The systematics and nomenclature followed [21] . Hierarchical classification of the phylum Rhodophyta was assessed according to [22] 
Results
Floristic Analysis of New Findings of Red Algae in Hainan Island in 1990/1992 and during the Period 2008-
2016
A total of 64 taxa of red algae found in 1990 and 1992 were newly recorded for Hainan Island, and included 15 new records for China. Of the newly recorded red algae for Hainan Island, more than 60% were thin-filamentous, finely branched epiphytes (Table 1) . Most of the newly reported red algae species (63%) are common to other tropical and subtropical areas. Thirty-seven percent (37%) of these are found only in the Indo-Pacific, 24% restricted to temperate latitudes, and only 6% shared with Arctic and Antarctic floras. Seventy-eight percent (78%) of the species recorded for the first time from Hainan Island in 1990 and 1992 were found again in -2016 . In 1990 and 1992 , the largest number of new findings were from Xiaodong Hai (43 species), followed by Shalao (25 species), Ximao Zhou Island (24 species), Luhuitou Peninsula (21 species), Yalong Wan (19 species), Dadong Hai (16 species), Tian Ya Hai Jiao (12 species), Nanmai (10 species), Qukou (9 species), Meixia (8 species), Linchang (6 species), and 1-3 species from other areas.
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ORDER COLACONEMATALES Family Colaconemataceae
Colaconema bonnemaisoniae Batters
During the period from 2008 to 2016, 54 taxa were newly recorded for Hainan Island of which 20 were new to China. More than 40% of newly recorded taxa were epiphytic. Between 1992 and 2016, the marine flora of red algae on Hainan Island has been increased by 60%, of which 40% of species inhabit the Indo-Pacific, 17% otherwise occur in temperate latitudes and 3 species occur in the Antarctic. During this period, the greatest number of new finds for Hainan Island were recorded for the Luhuitou Peninsula (34 taxa), then for Ying Ge Hai (15 taxa), followed by Xian Hai (11 taxa), Yalong Wan (9 taxa), Xiaodong Hai (9 taxa), Meixia (5 taxa), and Wenchang (3 taxa).
Discussion
The records of algal species contained in our previous studies [13] [14] [15] [16] [17] [18] [19] [20] suggest that conspicuous changes in the composition and diversity of red algae have occurred between the 1930s and 2012. Counter-intuitively, there has been a decline in total species richness despite the appearance of many newly reported species. The floristic similarity in marine flora of Hainan Island between the two periods, 1930s-1970s and 2008-2012 [17] , amounted to 33%. By comparison the floristic similarity in marine flora between the two periods 1990/1992 and 2008-2012 was 65%, i.e., the dissimilarity in the marine flora of Hainan Island between the 1930s and 1990s was two times that between the 1990s and 2008-2012.
At the same time, inspection of the species listed in Table 1 indicates that the enrichment (more than 40%) of the red algal flora of Hainan during both periods occurred at the expense of finely branched, thin-filamentous epiphytes.
We believe that these decadal changes in the flora of the island of Hainan reflects the influence of both local anthropogenic impacts and of global change, including the following factors:
(1) The over-exploitation of the reef ecosystems, especially of algal grazing species of fish and invertebrates, developing from the 1950s-1970s [19] .
(2) The eutrophication of shallow waters (bays) in the 1990s-2000s, occurring as a result most obviously of sewage disposal associated with coastal urbanization linked to the increase in tourism, but also with the growth in agriculture and mariculture [13] . This conclusion is supported by the fact that the largest numbers of new finds of red algae in 2008-2016 were from the most polluted areas of the coast, from such localities as Sanya Bay and Ying Ge Hai.
(3) The consequences of wider climate and environmental change, in particular the mass mortality of corals after bleaching such as occurred in the South China Sea in the summer of 1998 [17] . 
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